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NASA/ARMY XV-15 TILT ROTOR RESEARCH AIRCRAFT
WIND-TUNNEL TEST FROGRAM PLAN

James A. Weiberg
ATes Research Center

and

Martin D. Maisel
Aess Research Center
and
Aeromechanics Laboratory
AVRADCOM Research and Technology Laboratories

1. PROGRAM SCOPE

The joint NASA/Army XV-15 Tilt Rotor Research Aircraft Project involves
design, fabrication, and flight test of two essentially identical aircraft.
The overall plan to implement this program is documented in references 1
and 2. A Test and Evaluation Plan (ref. 3) outlines the tests to ensure that
the XV-15 Tilt Rotor Research Aircraft will meet the requirements of the Pro-
gram Plan and the Contract Model Specification and Statement of Work. As part
of this plan, one of the aircraft will be tested in the Anes 40 x 80 Foot Wind
Tunnel. These tests are to provide an initial assessment of the aerodynamic
characteristics, structural loads, and rotor/pylon/wing dynamics in a simu-
lated flight environment for correlation with estimated values. The results

will be used for evaluation of the adequacy of preduction methods prior to
flight tests. The tunnel speed capability includes all critical conversion
and high blade load areas. The tests will also serve to verify the func-

tional operation of the aircraft systems and on-board instrumentation in a
flight environment.

Additionally, if problem areas are later encountered during the subse-
quent flight tests, or if it is desirable to investigate areas that can be
more safely accomplished in the wind tunnel, the aircraft can again be put
into the wind tunnel.

The purpose of this document is to define the management structure, oper-
ational plan, support requirements and responsibilities, safety provisions and
reporting requirements for conduct of the wind tunnel tests and to relate the
tests to other phases of the program.

2. APPLICABLE DOCUMENTS

The following documents, to the extent applicable, are made a part of
this plan. Latest revisions of the reference documents will apply.



1. A Research Center, Guide for Planning Investigations in the Ars
40 x 80 Foot Wind Tunnel.

2. Planning Rotor Tests for the 40 x 80 Foot Wind Tunnel.

3. AHB 1750-1, Arss Research Center, Operations Safety, 40 x 80 Foot Wind
Tunnel.

4. NHB 1700.1(VI), NASA Safety Manual, Volume 1, Basic Safety Requirements.

5. Appendix V, XV-15 System Safety and R&QA Plan, Contract NAS2-7800
Statement of Work.

6. AHB-6540-1, NASA-Ames Aircraft Maintenance and Inspection Manual.
7. XV-15 Maintenance and Inspection Manual.

8. BHT Report No. 301-099-003, Preliminary Interface Control Document for
GFE/CFE Research Instrumentation.

9. BHT Report No. 301-959-001, XV-15 Aircraft Fuel Cells, Draining, Purging
and Pressurizing Procedures.

10. XV-15 Flight Operators Manual.

11. BHT Report No. 301-993-001, Ground Tiedown Aircraft Test Plan for Xv-15
(Model 301) Aircraft No. 1, Part 1.

12. Assembly Inspection Logs (AIL) (Aircraft Status Book).

13. Flight Test Workbook (Aircraft Service Workbook).

3. MANAGEMENT AND TEST DIRECTION

The Tilt Rotor Research Aircraft Projects Office will have primary man-
agement responsibility for the XVv-15 Wind-Tunnel Test Program. This program
will be supported by the Contractor and personnel of the 40 x 80 Foot Wind
Tunnel, with assistance from elements of the Aircraft Operations Division and
the Research Facilities and Instrumentation Division of Ames. Coordination of
this effort will be the responsibility of the Project Office. The management
structure for the Wind Tunnel Test Program is shown in figure 3-1. The prin-
ciple elements of this structure are described in the following paragraphs.

3.1 Project Manager
The Project Manager is responsible for the overall operation of the Proj-

ect Office and coordination with the Contractor and supporting elements
within NASA and from other government agencies.



3.2 Deputy Manager (Technical)

This Deputy Manager is responsible for planning and coordinating the
Wind-Tunnel Test Program, including organization of technical support and
supporting research efforts. This includes the effort provided by the Proj-
ect Office, the Contractor, the wind-tunnel staff, and other ARC supporting
personnel.

3.3 Deputy Manager (Test and Operations)

This Deputy Manager has primary responsibility for project coordination,
management control systems, aircraft configuration control, research instru-
mentation, Government Furnished Equipment (GFE), Aircraft Ground Equipment

(AGE), Project Office effort related to reliability and quality assurance,
and test safety.

3.4 Test Director

The Test Director is responsible for the Project Office support and
coordination of the preparation for and conduct of the wind-tunnel tests.
This includes:

Preparation of a Test Plan and Schedule.

- Preparation of the Instrumentation List with priority requirements
for data collection, reduction, analysis, and reporting.

- Completion or reviewing of the Systems Safety Analysis, test limits,
and emergency procedures.

- Conduct of pre-test simulations for test crew and operator training
in operating and emergency procedures.

- Support the Wind-Tunnel Test Readiness Review and Report with
necessary documentation relating to elimination of hazards or
minimizing risks disclosed by the Systems Safety Analysis.

- Monitoring preparation of the aircraft to ascertain that the
provisions for testing will meet the requirements of the test
objectives and that the aircraft is ready for test.

- With the test engineers, provide support for each shift during
conduct of the test to monitor instrumentation displays to
determine that the test is being conducted within established
limits and ascertain any required modifications to the Test Plan
and Schedule as dictated by test results or hardware/instrumentation
problems.

- Assist in preparation and review of the report presenting the
results of the wind-tunnel test.
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3.5 Test Engineers

Test Engineers in support of the Test Director are responsible for the
effort in their area of discipline including:

- Dynamics and stability and control

- Aerodynamics and performance

- Aircraft structure, structural dynamics, and aeroelastics
- Aircraft systems

- Instrumentation, data acquisition, reduction, and analysis

3.6 Project Control Officer

The Project Control Officer is responsible for arranging for procure-
ment, transportation, shipping, and storage of project hardware and spares
and maintains distribution control of the Wind-Tunnel Test Documentation.

4. OPERATIONS

The Wind-Tunnel Test Program includes preparation and checkout of the
aircraft and systems, including special instrumentation, remote controls and
other special hardware requirements for the conduct of the tests, data acqui-
sition and analysis, reporting, and post-test refurbishment. Preparation for
these tests will follow the requirements of references 4 and 5.

4.1 Schedule

The detail schedule for accomplishment of this effort is shown in
figure 4-1. The relation to the overall program schedule is shown in
figure 4-2. The various phases of the program leading to the Wind-Tunnel
Test are described in the following paragraphs.

4.1.1 Ground tiedown tests- Following completion of the aircraft final
assembly, the installed systems will be tested by the Contractor for inter-
face compatibility and functional operation, including proof loading and cali-
bration prior to ground testing of the complete aircraft. The tiedown tests
will be conducted at the Contractor's facility. The purpose is to ensure
proper functioning of all the aircraft systems during helicopter, conversion
and airpl.ne modes to ensure that the aircraft is safe for wind tunnel testing
and exploratory flight testing. For the majority of the ground tiedown tests,
operational control of the aircraft will be by a pilot in the cockpit.

For a portion of the tiedown tests of the wind-tunnel test aircraft, the
remote control system and instrumentation for operation of the engines and
flight controls during the wind-tunnel tests will be installed and function-
ally checked for proper operation. This checkout will duplicate wind-tunnel
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operation except that the ground tiedown tests will utilize the on-board fuel
and hydraulic systems. Operation under remote control will be conducted to
demonstrate hardware reliability and to train personnel that will operate the
aircraft in the wind tunnel.

4.1.2 Disassembly, Inspection and Shipment- Upon completion of the
ground tiedown development tests, the aircraft will be disassembled by the
Contractor and a complete teardown and inspection will be made of the rotors,
transmissions, drive system, and rotating control components. The inspected
components will be refurbished or replaced as deemed necessary. Engine
inspection will be conducted appropriate to the accumulated operating time or
the severity of the operation. The aircraft will then be broken down into
components and shipped to NASA/Ames by transportation suitable to the Govern-
ment. An MTAR for disassembly, crating, packaging, tiedown, shipment, and
reassembly will be provided by the Contractor. These tasks will be witnessed
and approved by the Contractor's QA Inspector. Packaging and shipment will
also be witnessed and approved by the Amy Bell Plant Activity QA

4.1.3 Rassembly and Checkout- After shipment and arrival at Ames, the
aircraft will be reassembled by the Contractor. After assembly, a ground
checkout will be conducted using the remote controls and control sonsole to
functionally verify proper operation of all systems. Although the actual
tests will be conducted in the Anes 40 x 80 Foot Wind Tunnel, other facilities
at Aves will be utilized during the buildup, pre-test operational checkout and
the post-test refurbishment. These include the static or tiedown test facil-
ities is shown in figure 4-3. The majority of the assembly effort will be in
the vehicle assembly building. This site is equipped with fuel, power and
portable hydraulics so that preliminary checkout of the aircraft and systems
for functional operation and calibration also can be conducted. The extent
of this checkout and the facilities used will be determined by mutual agree-
ment between the Tilt Rotor Project Office and the wind-tunnel staff. |If
it is more expeditious, part of this checkout may be conducted in the wind
tunnel, such as final instrumentation checkout and calibration.

4.1.4 Wind-tunnel tests- Following completion of the reassembly and

initial checkout, a Test Readiness Review will be conducted. This review
will be initiated by the Large-Scale Aerodynamics Branch Test Operations
Group Project Engineer and will be conducted in accordance with reference 4.

The review serves to assure that all aspects of test operation safety have
been properly considered. Ames, Contractor, and Project Office personnel
will review, initial and date all items on the Test Readiness Review Form
pertinent to the test. ATs management approval must be received before tests
will be permitted to start.

4.1.4.1 Installation and pre-test checkout: The aircraft will be
moved from the assembly building to the tunnel and installed. Control and
instrumentation leads will be routed from the aircraft down the support
struts to the control room. They then will be connected to the control con-

sole or the appropriate wind-tunnel instrumentation for data reduction, anal-
ysis, monitoring and recording. The instrumentation is described in more
detail in section 4.2.6. Again the systems will be checked for continuity,



functional operation and calibration. Following this, a shake test will be
conducted.

4.1.4,2 Shake tests: A dynamic shake test of the combined air-
craft, tunnel support system and balance system will be made after the air-
craft is installed in the wind tunnel and prior to wind on testing to verify
predicted mode shapes, frequencies and damping values of the aircraft as

mounted in the wind tunnel. These tests will be conducted with the rotors
off and with weights attached to the rotor hub spindles to simulate the rotor
mass. The shake tests will be conducted by the wind-tunnel staff using the

wind-tunnel shake test procedures and data analysis system as described in
reference 6.

Excitation will be applied to the rotor hub and/or selected air-
plane points with electro-hydraulic actuators. Accelerometers and/or strain
gages Will be used to measure the applied force and structural response.
Structural damping will be determined using the wind-tunnel Dynamic Analysis

System (DAS, ref. 4). The data will be used for comparison with pre-test
analysis and identification of frequency placements with respect to rotor

rotational speeds to ensure that resonant vibration levels will not occur for
operational rotor speeds. If resonance problems at operating conditions are
identified, they will be corrected if feasible or the test plan will be
modified .

4.1.4.3 Test operations: After the shake tests, the blades will be
installed and runs made, wind-off, to check rotor track and balance. A
functional check of the instrumentation in the rotating system will also be
made.

Testing will follow the Test Plan (ref. 7). This includes rotors
off runs to obtain baseline airframe characteristics. The tests with rotors
on will consist of various phases of simulated tilt rotor flight at air-
speeds from 0 to 200 knots. Blade angle, conversion angle (rotor tilt) and
control setting will be varied to explore the performance, dynamics, stabil-
ity, control, loads and noise characteristics in near hover, conversion and
cruise configurations. The results of the wind-tunnel investigation will be
compared to predicted values to be certain all critical mode analyses are
valid and that the methods properly assess the dynamic characteristics, capa-
bilities and operating behavior of the tilt rotor flight research aircraft.
Wind-tunnel demonstrations of operational safety and of technical feasibility
are required before initiating the subsequent task leading to flight research.

The Wind-Tunnel Test Operations Group (section 6.0 and ref. 8) has
primary responsibility for management and safe conduct of the test in accor-
dance with the Test Plan (ref. 7), and the safety procedures of references 8,
9, 10, and 11. Prior to each operating shift, a pre-shift meeting will be
held between the 40 x 80 Shift Engineer and Project Engineer, Tilt Rotor
Office Test Director and Contractor Project Engineer and rotor operators to
detail the portion of the Test Plan to be implemented during that shift based
on data results from completed portions of the test and to assure that the



required aircraft systems, instrumentation and the wind tunnel and data acqui-
sition system are operational. Limitations to test operation will be identi-
fied and any possible hazards with emergency procedures reviewed with the
rotor and tunnel operators. During test operations, the assessment of the
safety of a particular test condition due to structural loads or an instru-
mentation, electrical or mechanical failure and the authority to terminate or
interrupt the test because of the hazardous condition, are the mutual respon-
sibility of the 40 x 80 Shift Engineer and Project Engineer, Tilt Rotor Office
Test Director and Contractor Project Engineer. Procedures and contingency
plans to counteract emergencies wWill have previously been defined and approved
(section 5 and ref. 4). If, in the judgment of any one of these individuals,
a hazardous test condition exists, the test must be terminated until the con-
dition is remedied or the test procedure modified.

4.1.5 Post-test refurbishment- Upon completion of the wind-tunnel testing,
the aircraft will be removed from the wind tunnel and a detailed inspection made
of the aircraft and dynamic components. The aircraft will be refurbished by
the Contractor as required to bring the aircraft to flight status. The refur-
bishment will include removal of all instrumentation and hardware peculiar to
the wind-tunnel testing, installation of all instrumentation, ballast and
other hardware necessary for conduct of the flight test program. |If any modi-
fications to the aircraft are made as a result of a review of the wind-tunnel
test results, qualification tests will be conducted as required for new,
repackaged, or modified components and assemblies. A ground run will then be
performed by the Contractor to complete the pre-flight and functional ground
test requirements prior to releasing the aircraft for flight.

4.2 Aircraft Preparation and Remote Systems

A general description of the wind tunnel, the aircraft support system,
and installation requirements are given in reference 4. In order that the
XV-15 aircraft may be mounted and operated in the tunnel, certain provisions
or modifications to the ship's structure and hydraulic, fuel, electrical, and
control systems are required. These provisions and modifications are
described in the following paragraphs.

4.2.1 Support system- The aircraft is supported in the wind tunnel on
a system of three struts as described in reference 4. To accept the loads
imposed by attachment to the support struts, additional structure has been
added to the wing and fuselage in the attachment area. Consideration was
given to dynamic requirements in selection of the location of the attach
points. Mounted on these attach points are removable adaptor fittings
(BHT dwg 301-099-017 and -018) to which are attached the support strut ball
socket tip fittings (ARC dwg A5005-D200). The adaptor fittings are contractor
designed and fabricated. The ball socket fittings are supplied by Ames
Structural integrity of the strut attach points and fittings was verified by
proof load tests.

The installation of the aircraft in the wind tunnel is shown in
figure 4-4. Various strut and tip arrangements are available (table 1).
Consideration was given to dynamic characteristics and clearances (fig. 4-5)
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in selecting the strut arrangement. Because of an interference between the
landing gear doors (gear down) and the support struts, it is planned to con-
duct all tests with gear up and the gear doors on and closed.

Clearances for hoisting the aircraft in the tunnel are shown in figure 4-6.
Although this figure indicates rotors on, it is planned to remove the rotors
prior to lift in.

4.2.2 Remote control system- Tests of aircraft in the Aomes 40 x 80 Foot
Wind Tunnel which require operation of gas turbine engines utilize remote
operation of engine and flight control systems because of safety consider-
ations necessitated by the particular tunnel design (closed return and minimal
air exchange). For the XV-15, remote operation of the controls will be
through actuators installed in the aircraft systems as shown in figure 4-7.
The controls for operation of these actuators, along with the instrumentation
for monitoring the conditions of the various system for the remote operation,
will be located and displayed on a control console, The layout of this con-
sole is shown in figure 4-8. The console will be located in and operated from
the wind tunnel control room (ref. 4 and fig. 4-9). The remote control system
will be designed and built by BHT and installed in the aircraft and checked
for functional operation during the latter portion of the Ground Tiedown Test
of the aircraft (ref. 12).

4.2.3 Fuel system- Normal 40 x 80 Foot Wind Tunnel procedures for safe
operation of engines in the wind tunnel require external supply of fuel.

Therefore, the ship's fuel tanks will be purged and inerted as described in
appendix A. The fuel lines to the engines will be connected to the wind
tunnel supply system and the ship's crossfeed valve opened (fig. 4-10). Fuel
lines to the ship's tanks will be disconnected and capped to prevent fuel from
entering the ship's tanks. A fuel shutoff valve operated from the console
will be installed in the wind tunnel supply line where it enters the wing
which will shut off fuel to both engines. In addition, a fuel shutoff valve
is located in the aircraft at each pylon and is controlled from a switch in
the fuel control panel that will be removed from the aircraft and installed

in the console. This valve also closes when the fire extinguisher handle is
pulled.

It will be the responsibility of the contractor to inert the fuel tanks
and provide for connections to the ship's system. Ames will have the respon-
sibility for providing fuel to the connection of the ship's system with a
shutoff valve and filter (fig. 4-11). Prior to the test, the cleanliness of
the wind tunnel supplied fuel will be ascertained to determine that it is
satisfactory for connection to the ship's system.

4,2.4 Hydraulic systems- The ship's hydraulic system for operation of
control actuators and motors consists of three independent systems which pro-
vide redundancy (ref. 13 and table 11). The systems are supplied from trans-
mission driven hydraulic pumps. For the tests with engines operating, the
ship's system will be operating. To provide capability for operation of the
aerodynamic controls (flaps, flaperons, rudders, and elevators) with rotors
and power off when the ship's system would not be operating, one of the ship's



hydraulic systems (PC-2) will have provision for external connections to the
wind tunnel hydraulic system through an interface system as shown in

figure 4-11. The contractor will provide the fittings in the PC-2 system
hydraulic line within the wing structure at the support strut location for
connection to the interface system (fig. 4-12). The design of the interface
will be provided by the contractor. Ares will provide the wind-tunnel hydrau-
lic system and the interface with the ship's system. Aos will have the
responsibility to determine the cleanliness of the tunnel system to determine
that it is satisfactory for connection to the aircraft system. For pre-run
(power off) checkout of the systems, calibration and troubleshooting, access
to the PC-1 and PC-3 ship's systems will utilize connections in the left main
gear wheel well through a temporary external line to the wind-tunnel inter-
face system.

4.2.5 Electrical System- When the aircraft is mounted in the wind
tunnel, electrical power will be required for:

Pre-run checkout and troubleshooting

Starting

Operation of remote control actuators

Instrumentation

Operation of aircraft electrical systems for those test runs with
rotors off and engines not running

Normal operation of these systems on the ground is through use of a
ground cart connected to the external power plug in the fuselage. For the
wind-tunnel operation, electrical power is supplied from fixed DC generator
sets (ref. 4) through wiring up the support struts to the aircraft systems
(fig. 4-13). The design and provisions for connection of the aircraft systems
to the wind-tunnel power supply will be the responsibility of the contractor.
The wiring for the tunnel installation is shown in BHT dwg 301-099-014.

4.2.6 Research instrumentation and data acquisition- Research instru-
mentation for the wind-tunnel test consists of the aircraft on-board systems
(ref. 14) and the wind tunnel data acquisition system (ref. 4). The on-board
systems consist of sensors, data acquisition, signal conditioning, encoding
and recording (PCM tape). The contractor has the responsibility to select
and program the on-board data acquisition system to satisfy the data require-
ments of the wind tunnel test plan. The contractor shall also conduct pre-
and post—run calibration and functional checks of the on-board system to
ensure its accuracy and functional capability and assist the tunnel staff with
the aircraft/tunnel interface.

The wind-tunnel data acquisition system is described in reference 4 and
has conditioning, monitoring, reduction, analysis, display, and recording
capabilities. The responsibility for implementation, operation, and main-
tenance of this instrumentation and its interface with the on-board system is
a combined effort between the wind-tunnel staff and Anes support services.

The on-board research instrumentation and the interface with the 40 x 80
data systems are listed in tables III and IV and shown in figure 4-14. \When
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the detailed run by run test plan has been established, this instrumentation
list will be prioritized to indicate critical channels which must be opera-
tive for either safety or data requirements.

During the wind-tunnel test, the on-board ROM tape recorder will be
installed in the control room to provide access during a test run.

4.2.7 Computation ad data reduction- Requirements for computation and
data reduction and display will be established and detailed in the Wind~-
Tunnel Test Plan (ref. 7). Included will be the type and format of data for
monitoring and recording and the calibration and corrections to be applied
and summary and reformatting requirements. Portions of this computation and
data reduction will be done on-line and displayed and recorded. The rotor/
wing/pylon dynamic stability and system damping will be analyzed on-line using
the wind-tunnel Dynamics Analysis System (ref. 4) and the on-board dynamic
excitation system. To facilitate this analysis, direct access will be pro-
vided to certain sensors on the wing and pylon (table 1V). Following the
test, additional computation and data reduction may be required and will be
provided by the Computation Division through computer terminals at the wind
tunnel. Implementation of the computation and data reduction is the respon-
sibility of the wind-tunnel staff.

4.2.8 Configuration control- The aircraft will be under configuration
control as defined in the Program Plan. AIll Engineering Change Orders involv-
ing aircraft modification or component installation will require NASA/Army
coordination. A configuration sheet in the aircraft log book will maintain
status of permanent or temporary deviations from the as-built configuration.
Test items installed temporarily will require an entry in the aircraft log
book. Assembly Inspection Logs (AIL) for serialized assemblies will be
maintained.

5. FROGRAM SAFETY

The principal system safety objective for the Xv-15 Tilt Rotor Research
Aircraft Project is the completion of all project objectives without personnel
injury or loss of life and without significant property damage or loss.
Assuring accomplishment of this objective involves preparation of safety plans,
identification of responsibility of all involved participants, adherence to
applicable criteria and the provisions for safety analysis reviews and analy-
sis of the test system. The test system is defined to encompass the aircraft
and its components, interfacing subsystems, equipment, instrumentation and
test crews. Requirements, provisions, and responsibility for assuring safe
conduct ¢- the wind tunnel tests at Ames are defined in references 8 to 11
These references enumerate the specific analysis and documentation to be
submitted to the Anmes Management prior to start of testing and include problem,’
failure reporting, wind tunnel operating hazard analysis and incident and/or
accident investigation and reporting procedures and responsibilities.
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5.1 Systems Safety Analysis

The Systems Safety Analysis Report is the primary document which enumer—
ates the aircraft and test operation safety provisions for conduct of the

wind-tunnel tests. This document will be prepared by the contractor in accor-
dance with reference 4 and submitted for approval at least 30 days prior to
start of testing. The Safety Analysis will consist of a gross hazard study

or comprehensive assessment of the safety features of the aircraft and test
systems to adequately evaluate the wind-tunnel test procedures, precautions,
facilities, and capabilities in relation to applicable safety criteria to
verify that the XV-15 may be safely tested in the wind tunnel. The safety
engineering analysis shall be made in sufficient depth to assure maximum

safety consistent with operation requirements. Special emphasis will be
placed on emergency procedures and other safety features. Additionally, the
safety analysis will include pre-test predictions of loads, fatigue life, and

dynamic stability to establish boundary conditions for safe test operation.

5.1.1 Pre-test analysis- A pre-test analysis will be made by the con-

tractor which will include an estimate of loads on critical members, flapping
angles, dynamic modes, and level of stability to cover expected conditions
within the test envelope. A written summary will be furnished at least

2 months prior to the tests.

5.1.1.1 Loads and strength evaluation: For the airplane as mounted
on the support system in the wind tunnel, the contractor will provide esti-
mates of the maximum loads, both steady and dynamic, to be expected during the
wind tunnel tests and calculate the strength, safety margins and fatigue life

of critical elements. The analysis will also include hoisting slings, strut
adaptors, and any other structural components used for the wind tunnel test.
Substantiation of these estimates will be made where test data is available.

Components are considered critical if failure could result in loss of the air-
craft, personnel injury, damage to the tunnel or scale system, or termination
of the test. The maximum loads expected to be imposed on the struts and scale
system will also be calculated by the contractor to assure that they are
within the capacity of these systems as stated in reference 4.

5.1.1.2 Dynamic stability: The contractor will estimate the air-
craft and rotor stability boundaries for comparison with the test operating
boundaries. The coupled aircraft, tunnel support and balance dynamics will
also be analyzed to determine potential resonances. The 40 x 80 foot wind
tunnel staff will make an independent analysis. |If resonance problems at
operating conditions are indicated, recommendations will be made for change
in stiffness and/or mass characteristics to avoid potential resonances or the
test plar will be modified to avoid the resonances. After the aircraft is
installed in the wind tunnel, shake tests will be made prior to wind on
testing to verify predicted mode shapes, frequencies, and damping values.

5.1.2 Simulation and crew training- Prior to the wind-tunnel tests,
crew training in operation of the remote systems will be conducted. This
training will occur during the latter part of the Ground Tiedown Test at the
contractor's facility following installation and functional checkout of the
remote system (section 4.1.1).
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Also, if time and facilities availability permit, it is planned to con-
duct a simulation of the test operation at Anes using components of the FSAA
simulator. This simulation will:

- Evaluate procedures for safe operations of the aircraft in the
wind tunnel.

- Train operators in both normal and emergency operating procedures.
- Provide a pre-test wind-tunnel data predictions capability to

evaluate operating conditions for proximity to boundaries and
identify potentially dangerous emergency conditions.

This simulation will use the complete aircraft math model without FFS
or SCAS that was used for the flight simulation. Inputs to the math model
will be adjusted to correspond to the aircraft as mounted in the wind tunnel.

The simulation will be conducted in—-house. |If feasible, the simulation
will include an operator training portion and will involve both the 40 x 80

foot wind tunnel and contractor personnel.

5.1.3 Operation and monitoring procedures- As part of the Systems
Safety Analysis, the contractor will define test start up and shutdown proce-
dures, identify all probable failures in the various aircraft and tunnel sys-
tems and evaluate their impact on the safe operation of the test. He will
determine their probability of occurrence and resulting hazards and develop
emergency procedures to cope with the failure.

Procedures for monitoring specific test parameters for determining prox-
imity to test boundaries, load limits, etc. will be provided by the contractor
prior to the test in the form of an Instrumentation Test Plan. This plan
will show in detail the components instrumented, instruments used, circuit
diagrams, and calibrations. The instrumentation list will be prioritized to
indicate which channels must be operative to start or to continue each test
run. Additional details of the data acquisition system are given in sec-
tion 4.2.6.

Any incidents or accidents that occur will be investigated and reported
in accordance with the requirements of reference 11.

5.1.4 Fire protection- A fire detection and extinguishing system is
incorporated in the aircraft. This system is pilot operated. For the wind-
tunnel tests, the fire indication and operation of the extinguishing system
will be moved from the cockpit to the remote control console (fig. 4-8). The
fire extinguishing system also includes a fuel shutoff at the pylons which
closes when tt= fire handle is pulled. Additional control of fuel flow is
described under Fuel System in section 4.2.3.

5.1.5 Emergency egress system- An emergency egress system is installed
in the aircraft for flight operations and includes pilot and co-pilot ejection
seats (ref. 15) and emergency release side and overhead panels. For the wind-
tunnel tests, the ballistics for the ejection seats and the detonator chord

12



for window release will be either removed, disarmed or otherwise safetied.
The contractor has responsibility for deactivation of the egress system.

5.2 Viewing System

Because of hazards from parts that may be released as a result of a
structural failure on the aircraft most of the tunnel sides, including view-
ing windows, are covered with armor plate. Visual monitoring of the aircraft
in the tunnel during the test will be provided by closed circuit television
(ref. 4) using four remote TV cameras having scan and zoom capability. The
system has provision for 10 camera locations and includes 3 video recorders
and 5 monitors.

5.3 Test Readiness Review

To assure that all aspects of test planning, operation safety, and emer-
gency procedures have been properly considered prior to start of tests all
items pertinent to the proposed tests will be reviewed by personnel from the
wind tunnel, project office, and the contractor. The Test Readiness Review
and other checklists will be submitted to the 40 x 80 foot wind tunnel opera-
tions manager and branch chief for review and approval. Approval is required
before tests will be permitted to start.

6. SUPPORT REQUIREMENTS

Although the overall direction, management, and coordination of the wind
tunnel test program is the responsibility of the XV-15 Project Office, accom-
plishment of the detailed tasks is a combined effort by many groups. These
include :

Contractor

Large Scale Aerodynamics Branch
Aircraft Services Branch
Aircraft Inspection Branch
Simulations Investigations Branch
Photo Technology Branch

Computer Systems Branch

R&QA Office

Primary support for the wind tunnel tests is provided by the Anes Large
Scale Aerodynamics Branch through their Test Operations Group and Rotary Wing
Group. Suppo :ting services from other organizations at Aoes is authorized by
reference 16. The organizational structure for the supporting services is
shown in figure 6-1 and 6-2. Much of the support effort is a dual respon-
sibility with overlapping assignments for various phases of the support
requirements. These include:

13



Planning
Hardware
Operation
Reporting

The distribution of responsibility is summarized in table V.

7.  REPORTING AND DOCUMENTATION

Prior to, during, and following the tunnel test, various planning docu-
ments, schedules, progress and data reports will be required. Some of these
have been discussed in other sections and are included in the following summary
of the documentation and repcrting required for the wind-tunnel test. These
include:

Test Plan

Instrumentation Plan

System Safety Analysis

Wind Tunnel Operating Hazard Analysis
Failure Reporting

Incident/Accident Reports

Test Readiness Report

Test Emergency Procedures
Engine/Rotor Operators Run Checklist
Test Report

In addition to the above, certain wind tunnel related documentation is
required to assure proper operation of support equipment during the test.
These are described in reference 8 and include:

Preparation Checklist
Test Section
Instrumentation
Aircraft Mechanics
Balance House Pre-Run Checklist
Preventive Maintenance Work Sheet
Mechanical
Electrical

Preparation of these latter documents is the responsibility of the Tunnel
Operations Group and are usually implemented on either a regular maintenance
schedule or as part of the test preparation.

7.1 Test Plan
A plan for conduct of the wind tunnel test shall be prepared and sub-

mitted by the contractor in accordance with the requirements of references 4
and 5. A draft version of the plan shall be submitted twelve (12) months
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prior to the test which shall include a brief discussion of test objectives,
scope and duration, and indicate test techniques, range of test variables,
test configurations and data requirements. Details of the plan shall be
Tinalized and submitted two (2) months prior to the test and include a
detailed description of each run stating the test configuration, test vari-
ables, and iInstrumentation and data reduction.

The Test Plan shall also define the specific government/contractor per—
sonnel requirements and responsibilities, sharing of Instrumentation, data
reduction and operations tasks.

7.2 Instrumentation Plan

Data requirements for the wind-tunnel test are identified iIn the Test
Plan. The instrumentation for this data measurement is described In refer-
ence 14. For the wind-tunnel test, an Instrumentation Plan shall be prepared
and submitted by the contractor showing in detail the components instrumented,
sensor calibrations and expected ranges, circuit diagrams, and the interface
with the wind-tunnel iInstrumentation, and the iInstrumentation and display
requirements. The instrumentation list will be prioritized to indicate which
channels must be operative for eirther safety or data requirements. All crit-
ical channels must be operative prior to start of each run. Failure of any
critical channel will require termination of the run.

From this plan, the Wind-Tunnel Instrumentation Group will prepare an
instrumentation document detailing the interface and instrumentation and
display requirements and the sensor channel location on each of the wind-
tunnel Instruments and displays.

7.3 Systems Safety Analysis Report

A report presenting the results of the systems safety analysis described
in section 5.1 shall be prepared and submitted by the contractor. As indi-
cated iIn reference 5, portions of the report are required to be submitted up
to six (6) months prior to the test date. The complete report is required
(@ month prior to test.

7.4 Wind-Tunnel Operating Hazard Analysis
A hazard analysis will be performed on hazards that could occur during
the wind tunnel test. The analysis will consider those procedures unique

to wind-tunnel operations. Reports of pertinent hazards will be presented
in a format determined by the contractor.
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7.5 Failure Reporting

Failure and Maintenance Action Reports shall be prepared and submitted
by the contractor in accordance with NAS2-7800 reporting requirements.
These reports shall be prepared and submitted in standard contractor format.

7.6 Incident/Accident Reports

Requirements for Incident/Accident investigations and reporting proce-
dures and responsibilities are defined in reference 11

7.7 Test Readiness Report

The Test Readiness Report is described in reference 8 and section 5.3.
This report must be submitted for review and approved by the Wind-Tunnel
Operations Manager and Branch Chief before tests will be permitted to start.

7.8 Test Emergency Procedures

Emergency operation procedures are developed as part of the Systems
Safety Analysis. These procedures will be prepared and displayed in a format
readily available to the operators and test engineers during test operation.
Prior to each run, the applicable procedures will be reviewed and during any
emergency these procedures will be strictly adhered to.

7.9 Engine/Rotor Operator's Checklist

In accordance with the planning requirements of reference 4, an oper-
ator's run checklist will be prepared. This list will be displayed where it
will be readily available to the operators during test operations, and will
include procedures for:

Pre—-start

Start

Operating limits

Monitoring and data requirements
Shutdown

7.10 Test Report

A final wind tunnel test report shall be prepared by the contractor.
This report shall include a statement of the test objectives, test procedures,
test configuration, a discussion of the test results, and conclusions. The
review of the results shall include recommendations as to whether modifica-
tions to the research aircraft are desirable prior to initiation of the flight
program.
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APPENDIX A

FUELING PROCEDURES FOR WIND TUNNEL OPERATION

Wing Tank Defueling Procedure

The following defueling procedures are to be used for the
BHT 301-060-600 fuel system installation (wing) in preparation for
the wind-tunnel tests (reference BHT dwg 301-099-016).

Aircraft to be as level as possible.

Observe the requirements of BHT Report 301-959-001, XV-15 Aircraft
Fuel Cells, Draining, Purging and Pressurizing Procedures.

Attach a hose to the defuel valve. The open end of the hose must
be passed overboard and placed in a reservoir so that gravity will
permit fuel to be drained. Existing cap must be removed before
hose can be attached.

Open the defuel valve. This is operated manually by a handle on
the valve.

From the pilot's console, position the switch that operates the
equalizer valve to the open position (read TANK INTCON).

When the tanks are depleted of fuel, close the defuel valve and
disconnect the drain hose.

Operate the sump drain valves (one in each wing) catching the fuel
in a container until the tanks are empty.

Purge the tanks observing safety instructions of BHT
Report 301-959-001.

Break into the vent lines at the points indicated and add one cap
in each wing to the tank side portion of the line.

Attach a hose to the defuel valve (or more convenient opening to
tanks). Attach the other end of the hose to the nitrogen supply.
Add the system pressure relief valve and the system pressure gage
to the nitrogen supply as shown on BHT dwg 301-099-016. W.ith the
defuel valve and the equalizer valve in the open position, fill the
cells per safety instructions.

Note: |If alternate opening is used, the defuel valve must be
closed.

Follow the safety plan to the conclusion of the purge procedure.
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APPENDIX A (Cont.)

Fueling Procedure Preparation

Following are the fueling procedures in preparation for the wind
tunnel tests.

Break the crossfeed line as shown on BHT dwg 301-099-016 and
add (2) AN929-10 caps (1 L/H and 1 R/H) to the existing tee
fittings.

Plug and stow the hose with AN 806-10D plug, L/H and R/H.

Operate the crossfeed valve to the open position by operating the
switch on the pilot's console (reads FUEL XFEED).

O the R/H wing only, open the existing line by removing a cap on
the tee provided.

Attach the hose indicated to the open port in the tee. Add the
connectors as shown. Add the filter and the upper tube as indicated.
Add the middle tube and the tee to the base of the filter as shown.
The tee must have (2) unions and (2) packings assembled to the tee
prior to the attachment of the tube assemblies. Attach the busing
or reducer with (1) MS 29512-10 packing. Add the pressure switch
and (1) Ms 29512 packing. W.ire as indicated. Add the lower tube
assembly to the base of the tee. Add the valve after attaching

(2) connectors as shown.

Note: The items in this step of the procedure to be installed on
the inside or the outside of the wind-tunnel strut fairing as
determined by NASA personnel.

Attach the hose from the valve to the facility regulator.
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TABLE IrL .- WDRALJLIC POWER DISTRIBUTION

i Subsystem
B PC 1 1 pc2 | PC 3
Component Type - Swivel location B
P P outboard (pylon) | inboard (pylon) |inboard (spindle)

Pump location

JR—

kL_/H transmission | R/H transmissior | L/H transmission
Fore/aft cyclie T X X
Elevator T X
Flaperon T+ X X X,
Rudder S X
Lateral cyclic S X
Excitation S X,
Conversion D X X
Collective T+ X X X.
RPM governor T X X
SCAS - Pitch D X X
Roll D X X
Yaw S X
Force Feel -
Pitch S X
Roll S X
Yaw S X
Pitch
Trim S X
Emergency
conversion HotOr 4 ) X
Heat exchanger
blower liotor X
Landing gear S X2,3
Remarks :
Type

T Tandem actuator

T+ Tan? n actuator with shuttle valve to permit PC, backup for PC,
D Dual actnator

S Single actuator

Subscripts:
1. Employed upon loss of PC,
2. Isolated from PC; upon loss of PC, or PC,
3. Pneumatic backup employed after loss of PC, or PC,.
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ITEM

- PLANNING

Test Plan
Jnstrumentation Plan
aircraft
wind tunnel
Systems Safety Analysis
Test Readiness Report

HARDWARE

Aircraft
Wind Tunnel
Remote control
Interface
fuel & hydraulics
electrical
INnStrumentation
Data displays
wind tunnel
console

OPERATIONS

Operators

Inspect. & Maint.

Test Direction

Consumables

Data reduction
Wind tunnel
PCM tape

- REPORTING

Failure & Maint.
Incident/Accident
Systems Safety Rept.
Test Report

TABLE V:

WINDTUNNEL  TEST RESPONSIBILITY

»PROE‘ . CT OFFIC

| WINDITUNNEL S [\FF CONTRACTOR
Respon- . Ap- | espon- . Ap- lespon- . Ap-
sibility | REVIW | rovai lsibitity |R€VI® | roval [sibility [R€V1® | roval
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X g(( X
X
X
X
X
X X
X
X § X
X
X
X X
X X X
X X X
X X X
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— Contracting Officer ]

¢ TILT ROTOR PROJECT OFFICE

Project Manager

Resident Manager

DEPUTY MANAGER
Test and Operations

i
. |
Project Controt Officer|

- — ; R&QA

DEPUTY MANAGER

t____ e

Technical

1 1

Test Director
Test Engineers

Ground Test

|
Post Test Refurb.

Tunnel Test Simulations

Figure 3-1.- Wind-tunnel test
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N

Static Test /
Facility

Vehicle Assembly
Building

40 X 80 Foot
Wind Tunnel

/. _Q¥VAIINOE 1134i0W

NASA/AMES
VISITOR ENTRANCE]
AND PASS OFFICE

S O a—

Figure 4-3 . — 1+ Ames Facilities for Assembly and Test
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225"

A 78.5 'x £¢' TOP 000€ OCREMANG

Y, HOISTING  Se/ivG

/8.6°

x
a0

N 0P OF TUNMVEL STEYCTURE

-
]

N orvvwer  cen s

(7esr secrion)
D008 CLOoSED

Figure 4-6.- Hoisting arrangement.
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LH MAST
TORQUF

M 43

RH MAST
TORDIE

M 107

LH SPnIDLE
BENDOING

B 140

LM 880 B an s,

PATUH  wbN
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oyl e .
Py - 2 S N A

prrcd LINK

Fioz

tH Yo

SHOR D

BoLs

LH RED BLOLE

BEAM 0. 03

B2z

(b)

Loads panel

Figure 4-8.- Concluded.
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- Data system block diagram
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Figure 6-2. - Wind-tunnel staff organization.
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